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[ gag] /j^M*>o«*§*<z)^*v^i(eK«if»« h 5 

«*|q|fc«jibfc^+*^«W (9 2) £tft 
*fc«0l!MtlMMIh5>5>X* (115), £jK£Wt 
fcttttttd (3 1) ft*t4KJB«IWb*h7>^^ 
(116), SRAM^ 'J (110), *J:V-€ 

fte>©»3B#s#Wjj<3ft4. uta^ d -tr^ (1 1 

0) fct, fln^ + ^t^Sb^V^^t^S, 
2o©/Uh7>^^ (111, 114K*3B£tt 
(tfciSfcS^ (3 1) SWTS fc« 

f (113, 1 1 6) , 

jaufe^+*-«/ia« 02) &G+umv?**»n 

* (1 1 2, 115) £#1-3. 
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#58¥8- 8 8 3 2 8 



[#frlS#©*6H] 

2ffl©»l©«Bfc«JMMih7>S>**-efcoT % 

FW>««, ?-b*ffi, *«tlrtBl© 
*«Kft*-r4»lffl^+*;HR«*d*x 8513*1© 

T-fcoT, £*v-*S«, FW>«* 

a. * «t WHuiBse i (Dmm&t&ttvm 2 ©roe** 
*s*2©?-v*;Hg«fc^#, mmm2(D?**jiM 
mmtmmfi t#4 u fro^is* 1 omMnnmm 
h7>^^ {imiiB^ 2 (ommnmrn t7>vz#t 

JttfcbTg&3«£fc#aEU A»oUBB* 2 

&©s 

V-VFH>ia, *2©V-.X/FU>f 
y-b*ft. fcJ;tf*2©#W&*fr*-*J83©*** 

ot, R9£&KMttiiu8Bfg 1 (Dm&nmim F 5 > 
^fflFH >*«4: illBJS 2 (DmBWmm 
$>;**©KW>«*i:©IHIt:#:ffiU fro&*f©hv 

1 43«t v« 2 ©«^$j* 7 >y**©£*r© 

F W >««©|H|©F— h©v>f ^i/— >a>*BS 

it-rs*>©x 

i iFmaa* 2 (Dumwmm h ? > 5?* * as & 3 s s 
?-f«*. 

ftJWIU HfifB^-hSI«Jl«imifBy-b««li:HU§3T 
*x4 7*tti:©IHIfc#a;U m&TtT-* ^»*tt, 

mum 1 © K-K>y*»©±fc«tfct) »)*oi5f3^- 

H«tB^-v*;MH«©±C«fcfc3*2© F-br>yfBiS 
T-feoT, Huf3^^^;i/M^ttmif3^1©H-t>^ 



«fciiiilBSg2©F-e>^««fc©ISfc#ffiU *^itu 
13*2© F-K>y»«ttWia?-+*^W©y- h8 

[0 0 0 1] 

[*!«©#»] £©»mifcJU 3M£tege©#»fc:|!U 
[0 0 0 2] 

[fi£*©ftffi] h7>^^(i, & i: it 

«\ ^t5'^7^A7^t7^€'J (DRAM) 
7^7>fA7^t7/€'J (SRA 

M) ©£-5fcu JS*<©**f*£»fcffifli;*ftT^S. 
DRAM^fcliSRAMtt»S9t]CliS»<D^€'J'fe;i / 
fc^-TS^U/'W^tr. R**US&*©*8i*tt 
IS^WfcttR^* UHr;i/©*g;*C«fcoTfc5£$*xS. 
i ») /J\$fc.rf * U *;i/ttl*SiWfctt*arc* t> fro «t (9 

[0 0 0 3] ffl«S^H-«<b«l-^»«: (CMOS) 
&#f© S R A M -fe ;u{±»^W K at n =f- * «t t>* p 
■V^;i/h7>i?^^©}R*ft^tr. CMOSWffiSR 

AM±Mtmmm c tt^sfl^asirt jc«uk n ^ + * 
J:^>W^p5 L ^^;^h7>^^^©^^s^v^o *K 

M n -V * ) 1 43 «fc p ^ -V ^ ; 1/ h 7 > y X * it S V * 
* J:Ul({^p^+*;i/ h 7>y7^OPl0lS b < '5:v^ 
bTffigl-^ci:* 5 -?^?.*^ cntt^^U-fe^i/ftJ:?) 
tztoiZ tt.m.Mte 7 4 F T -f V V - ^> a > -b ^ *s 

s ^ ttM-inTOft jD«xg * &® s . 

[0 0 0 4] 

(planer) *JMMI fcit 
«UTV-^43J:VFl/-f >«W*««**ii*«a©fc 

\ *;HR«t£ Aswtc h «a c i o t mt>hx ^ 
So »*<©«^«iw!r*h7>s;^^ttPiufflaaB 

t5. Rf-^*;Hfi«tt'f*>aA^5 1 y7'©lfflt:8a 
stiffs. »^-+*;i^B«tt±»©F-K>^©-aJS 



tfKU-f >««CD-a$T?&Sx (SF-7*HW> (LD 
D) ^jgttHS^CttflBS^^— 9-*fcttotf$©feS 
y-Mil (winged-gate structu 
res) Sffifflb"r^$n*»o«|W!i«b7>y^* 

*»oite>nT^*. KLDDWiittKw >««»<© 
*tt**sftcttLDD«&fc£s&^. ^t, 

|jWlih7>S>**ttLDD*£fc{I*&7l/-*h7 
[0 0 0 5] 

0!tt«*fiC«iUfc^+*-n/1H**«*&i(8UK«ff« 
»b7>^^ *3E£otf& (graded) ififrtg 

h7>$>7$\ &J;t«^n^^;i/S#aSb^>^ 
7*£J;a^p^**;i/S|^£b7>$?**£;rf 

h7>^7*ii, /t'Jgl (DRAM, S 

ram, *©a&) ttzitmmmm (?OD/Dt^ 

It) ©<t?&, ffi*©^a®#»ft««Cffiffl , T?&4C 

2o©Mb7>^^^&ftSo 
[0 0 0 6] *!6Wt:^t)S^Btt»^ < ©W^^Wt 
5o S*: ©KB + J: Vp7 t + *;u*lf 
3®* h ^ > ^7 * ©ffiffl tt«3ifc 7 -f H 7 •< V 1/ - 

(D'>U3>&-? (sillicon trenche 
s) \Z-b)l7T7j >Ztlfr-3£l)*gl3imm.&mffi1®. 

«t a fc f 5 o hui343E£o ft fcffifMg^tt £ h 7 
>^7*©;fc©©{gF-7-K W >«jg*JBfiE-rs^i: 
#fgj&»olKJ&h7>S>**ffl#y h^u* hn>©£ 



#gfl¥ 8-8 8 3 2 8 

*;MHtttt8i#GlK»SIb"C33& (laterally 
recessed) A»o-en?>©fStJB h 7 >S/7#© 

ZtWP* < iotM. Buf3HJ!B{«©«eB«IWSi« b 

5 > ^ * * ©^ -v * ;i/St±8f^«#ai« h 7 > s? 7 # As 

jKja*n*Ji©w$fflH»-e*s. 7b-tt«h 

ns 0 Bui3iE^«^*h7>^x^©fcto©f : -^^;b 
froiijiffdwegji 5 , j e©aa«±i* s ^<© 
c: k g a»ojg©ff s ©fM»tt»fir-t n & ©uv^ 

[0007] *»9i©fibffl»«*«ttJ t w*tt«wt©ias 

[0 0 0 8] 

[*iffi0|] *f5fiii©^Ji6«itt«*iRiK:il3lbfc^+*;b 

(graded) WWK^**itfcV-^/I t l/-f >* 
+• h 7 > ^7 * * il« p f- **)imw 

fc V-7/ K U <Y >««ft 5 ^ ttHttflp) b fc 

^USB (DRAM, SRAM, ^©flfa) SfcBMSI 
a (v^^DT-D-tr^lf) ©<£?£, ffijftCJfcS;©** 

6 b^>i/7s^ -7^^^ '^^^AT^tX/t'J 
-b ;i/ ii¥ffl n f + * h 7 > ^ 7 ^ T- tb 5 2 o 
©^7b7>^7^, «JB*oW-fc«WS6**-r* H 

*-c»s2offl7yf h7>y^, is«trj«st*ieiK:» 
3ibfe^^*;i/ffi^**l-s^p^^^;u»H«^ 

*b7>^^-efe5 2r3©A^fh7>^7x^^WT 

So 

[0 0 0 9] *fSEfcttto*8Btt»£ 
So ^^?>lS^©i^Bn5 L -v^;V*J:U t pf + 

mmv'yi'Vz* ©Mffl (iffin^ 7 -f -)]/ y 74 y u- 

{±, ftESo»tfcffi»g?^tt«-&ffl*««0B h 7 >^7* 
ffly'j3>W (sillicon trenche 
s) Ct;i/777^f >$nA i O < t(3 7C§^a^fj|g i ^ 



(3) 



(4) 



8-8 8 3 2 8 



4 7 £ 1" 5 „ ffllBig£& o It fc&&&^(4 * feKUB b 5 
7777©fe©©{£ F-7" Fl/'f >*fifc»jES-r4 d 4: 
#"C*A»oKE»b7'>3?^*©*y b^77 hn>©^ 

*;i>««tt*t#|RlC«iIUT43 t) (laterally 
recessed) *>->?ti S> ©$fl2 b 7 >$>**© 
7-7434^^*7^ 7M^©fTIEf(;: F-K7^£ft3 
Zh&'Ptt. <4ot^5o miHB^SS^©M^aif^ b 
5 > *7 * ©f- if^^JlttlR^ttlMfrX h7>^^# 

7>^^©^+*;i/fitt»Mfl9t:tt'jy^7fl«i^ 

eft**-**-**;*/***-* u cne>tt»^w{c(i<s 

JH±ri/-^-b7>y^^4:Jt«-r5i:J:5'h$<"e* 

y vy7 7«*a©^jwiipa*«t 5 

£ fc S *oM© JP 3 ©1tWtt»# * ft 6 © U V ^ 7 
7(S*JS©^raail»J:5*S»T?***»6 , C*4. 
[0 0 10] WTCRiW1-**lt«a:*ISWffl<<KoA» 

[)$|JPSfl<]^^ ) ©^&«l»1-?.©T•(±/d:v^o HSitftt, 
W©»»*'«tlF«iB*?»(ih5 £ < WTCtftUH'TS 

[ 0 0 1 1 ] #J 1 

7**y-fe;n i o^^tfo R7^y-fe;i/i l Ottv- 
X, FHX *J:tfy-b**"r*6flB©SIM»*b 

77777 1 1 i~i 1 £©#&n isy-^y 

^110tt3SOh5>^^ -r^fc*.s 2ffl© 
r/17 (pa s s) j h7>^* 1 l ltjivi l 
4, 2fs© r7-;uy-7>j £&(4 r^y^j h^777 

7 1 1 3434V1 16, ZLX 2ffi© £ 
fctt r A<Sfj h7>^^ 1 1 2434V1 1 5*^t 
So *JtrtTf, b7>5>^*ttSVMCpItt)©-C*5. 
/17 b 7 7^77* 1 1 1434V1 1 4 (4^1 ©7-7/ 
F l"f J: WHS 2 © v-7/ FH >«W**"r 

5c HlfflV-X/FW >M^tt2o©giJ<i©tf v 
HHc«»**lT*i)N --$£l0tr3/b«ttSS2©i; 
* bttfcJt«bTE«3ftfct&SI£-£U dftttHU© 

t£* b»i^2©t<^ b«fcJttSEbrfflMWcm>«(ft 

1 1 143 J: VI 1 4(4^4x<=>©y-b* s 
1 3 434V 1 1 6(4-eft£>©V-7#Vs sKSN£$ 
SS^7>F«ttK**. SJI3ftfflfb7>y^^ 1 1 2 

434vi i 5tt*n6©v-^#vc cc»«*n, r 



~ 5 b ©«££&£. huIB^ * y -b;Hi* 1 ©I2tl 
7- F 1 2 1 R£ 1 ©13117— F 1 2 1 (4/17 

b 7 7777 1 1 10I2OV-VFN >***ot 
Vg#b7 777*7 1 1 2fc5»f b7>W 1 1 3 
© I'M 7««#m^«&W£^3ftT^S*i»T- 

* (3 , *-3huH37 * 'J -kjl&m 2 ©I3fS7 - F 1 2 2 £ 

2 ©I3tS7 - F 1 2 2 (4^7 F v 7 77 7 1 
1 4©!g2©V-7/FW7^434Vi!uB3A#F7 
7^777 1 1 5k7»;f b7>*77* 1 1 6© 7 

ffl^WioCv b^7-777 l 1 1~1 1 3{imil3^ 
1©IB«7-K 1 2 ltMU A>oF57777 1 1 
4~1 1 6tt*2©ffitt7-F 1 2 2 CM***. £ft 
£© b v 7777(4$ ££7 t y -b)lftX-m lfcTjkZtl 

[0 0 12] @2 {4, lo©^afS#|£43 6 hv777 

7 7 7^AT7-fe7 7^yHr;i/©i|gPBll§#tf. R7 

* 'J -fe;K4^n^^^^ b 5 7^777*5 ct VJgt^P^ 

F7 7^7#©;R;££ffl^**>CLi;£4 t> 0>'&V>S 
«®Bt&t5W*-S. R7 ; Ey-fe;H4b^7777 1 1 1 
~1 1 6£^&, ^7 F ^ 7777 1 1 1434V1 1 4 
{47^-^-n^^^;i/«#ailh77777T-fel3, 7 
y^b 5 7777 1 1 3434V 1 16lilin^^ 
«#a^b^7777T-fe<3> ^|Sb7>^^ 1 

1 2 *ct v 1 1 5 tttmpr+mmmmmbm b ? > 

777-r*fe?.„ y-b;H4-«S{r 2?iJ© b^777 

*taHj*$*U ^©^b^7777 1 1 1~1 1 3(4 
-JKttT'V b«Rl 2 0 IfflTtifcbD, A^oF^77 
77 1 1 4~1 1 8 tt-»ic tl y bfftl 2 0 2©Tfc«t 
febSo t>v bUl 2 0 1434V1 2 0 2(4, €*ve 
tls b*37^7 M 2 1 1434V1 2 1 2t4o 
T/17 b^7777 1 1 1434V1 1 4©H l©7-7 
/KU-f 7*«C»«l$ilTl^4. 2o©/17b^77 
77 1 1 1434V1 1 4©y-b«Stt7-F*l 2 3 
0©-gBT-feSc 7ffh5>W 1 1 6©^-F« 
MUT^tA (i t em) 1 2 3 3 tiotgfif b 5 7 
v>7 7 1 1 2CFK >««tSR$n"rv^S. ^>y^ 
F =7 7777 1 1 3©^-htiH:7^rA 1 2 3 4t 
4oTft^fb7 7777 1 1 5©KW>«Wfc»K3 
ntv^. 7^rA 1 2 3 3434V1 2 3 4tt-»C7 
-FH1 2 3 OtspffTf**. A#F^7777 1 1 2 
434V 1 1 5©V-7;««a:AfcJ&aWM 2 1 3*4V 
1 2 1 5*l»*t!fE^*y-b;i'ffl (T'ffA 1 2 1 7(3 
J;oT^^<toO 7— F«lll 2 3 0©ff-C>©Sfl!l 
£gd 7 'J □ 7Jlt4oTS^t«^C^$ftTV^ 

5o R7 y n 71(47 * y bt^stt^cw 

3~50(BH©«(Sit:»SVc c (El^ti-r) (C*M,fi<J 
Cii^tW^. mifBA^fh 7 7777 1 1 2434V 



(5) 



#IS¥8-8 8 3 2 8 



7!?fh7>^^ 1 1 3(D^-hmmi^T-i9-A 1 2 
4 5CJ:t)fiBRSn, fripiffih^i/iSXt 1 1 5:fcJ; 
Ot7'yf h7>^^ 1 1 6©$*— h*tttt7>f 1 
2 4 6£«fcoTS8R«*ft"t^S. Ell 4*«fcV|gi 5 
ttx H2fcji*$ftS, mmUl 4-1 4*3«fc 

tfl 5 - 1 5fcJ:-3T^*ft3-* : e , J'te^©Kfaia-e» 
5. Ell 4*«ttfiai 5Jiiiuf3^ U-b-H/fcJ&fiWSfc 
fcfcffifflSftSgSKfcflHE** 'J -fe;i/f3ffl b 5 
©ffl58«©a»iSEI££*rH2 i:fflia©fflS#JgS£ 
tr. 

[0013]EI3fck 02{C^gf*l5^^ y-feA'SJ&JA 
1-£feto£{£ffl£*i5 7D*7©^ft£^-r;fc©07"P 

0) o fgi©^y 3 3 
^l©±{coih:^^->^;i/fiRS$ti^ Ur>y71 

1) o 7-f-;i/F>M VU-i'a>ffl$ l &£WW h? 

<D*/')u>MPi£.Bflt,Zti& (7x7^7*12) o ^^'J 
-tr;u©7 v?-}>7>i?Zt>1}$>?>WtMn3- J r*)imft&} 
*h-7>y7*#^l©*>y3>Jf©2Me (trenc 
hes) *SUK09O|»Bn^-v^^« 

siwk p ^ +- h7> * &mmm 1 

© i/ «j 3 >i©± ic «tfe t> % * # - - > ixtztmm 

+ *;i'«l!i»*b7>y^^tt**fiicablb& (la 
terally recessed) f+liHaJt 

tr. ^ ; Ey't;n:*r-rsaawfflsggR* j fffc^ *>o 

;**U-feA#>WJ"<'f h£*li> Ut'?71 5) . fit 
TCi©iaK0i©y* y-fe;i/*^jsR1-5&©Cff*5n* 

7u*xm&vt$mttmmfit>h%. 04~EU3fct 

El 2 ©H§t®JS| 1 4 - 1 4 C»oT«H&tofc»a»J'i&* * 
L0 0 1 4 ] B 4 tt, (10 0) plfS H-7-*ieS'> 
"f) #^2 0©±fc^S«**lT^3. g$U©V7* 

>y«tty^-->y*nfc2iwbi/y 

l©v^^>^BP8n*^tfo Sul3S«fcfct>f?t (ars 
enic) K«t »Js -ftf>ffiA£ftTiiut3^1©v** 
>^*MP©T0JS«rtfc 

xsiiSfcN+sa^«2 i©±gpt:^< t>tif><D2m<b 

J' U 3 mf!3^7*>^/f;fcJ;tfN+:fi 
a*12 l©±»©2BMb^U3>tt*t:|»**ils * 
£3& (boron) ©F-t>^IC^DDy7> 



«2 0i:N + «&*Jf 2 l©±St«Jl. 4?7P>© 
ff£©fgl©^'j3>/12 2#flM$ft£. HttfBxK^ 

* > + MfcRig* «fc ^ h est < awasui© h t N 
N+aa^« 2 1 ©-awgs i ©v y 3 >/g 2 2 wtifi 

N+HM12 lttWE«l©S/U3>Ji2 
2©T»iBC»g!b-ca5 ( , 

[0 0 15] 7>f— VI/— '>3>«j«2 3#S/ 
ij 3 >© 7 4 —)V Y 7W V U- V 3 > 73 -fe 7©<eW 
ftSa«ft(local oxidation) M 

i/TMsns. m2z^mt&t, mMy^-jwy 

JVU-i/a >mmtm l ©§3ffi7 - Kffl h 7 > ^V7* 
(111-113) fc»2©33ttV- K/S h^V^Vx* 
(1 1 4~1 1 6) ©Mfc«fcfcoT:v>a. buB37^- 
;i/ K 7 4 V 1/ - 'V 3 > $8 2 3 tt * fc ^ 'J Hr ;i/ & £ft 
2 0©flb©«« (H*-B-f) *»S>*attfc:a**-afc«> 

^t^j-^ 7*ig^i*i©Bug3^i©^y3>ji2 iwm 

2 3o©-a$ 

T-feS, £1©$8$#2 5ASHuI3^1©^-hSI«» 
2 4©±CJKJ5E*n*. m 1 ©«*g|3» 2 5 ttffiffB^- 
hRU 2 4 ©±^i/ U 3 >S§^S bA^oK^ 1 ©*> 
'J3>1^U> (phosphorus) Hi D®< K 

y-^vy^ni^o. 5 5 7D>©$g$^-r5^i©ai 
*si5& 2 5 ft^-r s. Sd£ i ©#«ge« 2 5 h 

HI 2 3 0©-S»*^f 5. B!i3BS«H:t>3RK«toT 
3£< K-K>^**lftK*l©*>y3>Ji2 2rtC»2 
©K-K>^««2 6*«tt«B3©K--K>^1H*2 7 
£BJ5fct"3. H4tt^2©F— K>^««26©W©1 
oiJjiWiB 3 © p— K >^«W*2 7 ©W© 1 o^tr, 
H4C^$nfc*©fcP*©fl!i©»2©H--K>^1R* 

(ia^*-f) **wflb©!6 3©H-t:>^«« (0^* 
■f) li^*y-lr;n*i{cfl$fiE$nSo r^-^N?-^^^ 
h7>^7^T$5s /Ub7>^^«$ti*o 
&^H5!3^1©««g|5»2 5©-gi5, *2©K-K>^ 

[0 0 16] »2©v^^fV^JI3 0 * s S«©±C^fiSt, 
1 7 0 0^->^7hD-A©JP$T-«#b, *Oi2f 

<b-> y 3 >ji*iVBuf3^ i ©y- hS§«Ji 2 4 

-C^7-->^L§SP^*1-S^2©V7dF->7'«3 0 

rnvvJ-mYvyvx* 1 1 3*j:vi 1 6©fcto©$ 

(trenches) #*<D&MtiL$tl&&*<Dm2<D 
K-K>^««2 6©-IB4«aif 5. atRttUVtJ; 

^">& K7>f 7U*>oi3ia§o(tfcffiff^3 1 fc^fig 
H5ttc:n&ffl^E*oH-fcffi«»^3 l©rt© 



(6) 



8 3 2 8 



[0 0 17] 3g2©v**>^J13 0£^';3>©:cy 
^>y^x^UT®fflbT, iu!3f|U©^'J3»l2 
2#MRfl<Jfc:t«y?->if3*iI»l/l/f-3 3 
©#&&hu>^3 2ttH6fcjS*ix*J;-5Cjft* N sS 

S. ^N^ + ^l/©^^^^©^©^^ 

3i> *iv-c^-+*;HlW3 4»«#, 

3 4(±HtJl3N+aa^)f2 1 fci3EfcoJtfct&*£*3 

i fcoHK^s-rsHiiffi* i ©^> u 3 >e 2 2 ©sb^t- 

^jasfifc*^ u-fe;n l oti'^Tli. b5§3£j 
E*ottfci6««tett!6 1 ©»> 'J 3 >Jf 2 2 ©±fM*> 
£>#J0. 4S*D>JEtFt^4. »2®y-hK«Jf 3 

>^3 2fiDS»*J;tFfigf«c:BgjL-r®JEK$n4. 
[0 0 18] »2©v^*>^Ji3 0#2JtIfcy^- 
= >mtR*2fflv^*>^13 0£M3lg2©M 
P&7&J5&*S. a*2ffl|BPttJ82©]»-K>^«l*2 
6©&SBfc«tiU »«82©1«-K>^«*2 6fiD±fc 
*©IMMtb5>y**#®j«3n*. tt*CJ:t)-f> 
■iMf-a (in-situ) P-E >^2*l3tg 2©^> 
'J3>14 0ttSB2«DV^^r>^Jj|3 0 ©±£«fc VjtuB3 

«ai*tl?>. 'T'fib^V (tit aniums ill 
c ide) «4 ltfffi||B£2©3'US>J|4 0©iS#fr 

e>®riai5 2©'>U3>ji4ocD±icj|gjK**is. ^2© 

->U3>J!4 0fc>r>Mb?-*>Ji4 1 fcffl«dt>-ti-#e 
KW&^ffiSffiffl LT^^-->y?tl^ 2 ©$«£*# 

+s&#ji2 1 ©-w**&v-*tw, f-+*nmm 

3 4, f!u§3^E£o(tfc&i«gi^3 l©-o£^trKU 
^VlMfc $2©7-M§«J13 3, *«tt>*Huf3^2© 
~>U3»f 4 0t>r^b^»I4 1 £#triit3§f§ 2 © 

om 2 3©i3my - v k wg-r 3 ? >y 5=- 

^>^*#©7-hWi£ti!i©iB1t>-b-C§ijit£ 
M5 2©F-K>^jH«2 6i:ftflfltUc:Sli1-S- 07tt 

<y f - h 5 > * ©l*j©— o# J; tfifilK* 2 ©#«£&# 

[0 0 19] ¥S&®£*bA>o2^bi' l j3>A>e>& 
**l©IMMI4 4««BI7Cw*n*J:-5C, §82©^ 

4 l©±£ffM£*iSo Sl©2?««(iHuI3^'r^^ 
>14 1©±C«1. 2^n>M?n5.@8S# 
fl&tSi:, |3fflY7df>^I5 0^>ij3>Sft8 0 
0 * ><7* I- D-A©JP£ fctSS bfr-om */ U 3 



»1©«»JB4 4©±K:JBJS8$*15. f&3©^*>^ 
115 0tt^3©v^dr>^«HP^U &*©H!3© 

©<6«i4 40-ajft«ffl-rs. &*©sg3©v**> 

^JfggPfcW'k (center) *>oRtfi<C»* 

>^jfggp©fe»©^iqi-b>^-7^ >sj&s* *. 
Bui38m$n^i©ig^ji4 4(iM*tt^>v^>y^ 
nTiu!3^ i ©*fiitJi 4 4 5 $ 2 ©ai*as»©^ 

fb^>»4 1©®5 2Ci£VSWP*^ja-rS. *1 
©!6^«4 4tt*tSiWbtj^^5 L ^>h (buff 
ered oxide etchant) 5:ffiffllT§ 
Is&x-vf-yVSIx* **i£«fcoTBfi§3!g2©v**> 
^Jf 5 0*«l9i3*3©^*l/^JiHlP©*«t#j2 0 
0^->^X hD-A3£(t (£;EP5 3T-^£ft*<fc-5£) 

T>y-ii v v $n, (sjsga^gas^*^-?)^ 1 ©« 

#<J4 5 0#>^* bD-A©W£©!g2©>> 
>;3>jg6 OAS'j y\ z iot'f >+M 5^ K-t>^$ 
ftfc U 3 > 3 3 C £ »> Bu!3tg 1 ©ftUMi 4 

4, tfS3©v**>^H5 0, *5«t^HU§3^1©i^« 
MP 5 l©&ffl:fc*J:tf£fflKi&oT^««**l5. ^2© 

&*iS*fi!fflU-C-'^-=>^*n, 02 (7^fAl 
2 1 7) *5iWBI9t^$n5J;-5t % AAM&\ 2 1 
3£J;tM 2 1 5rtCifeD*-37-K*l 2 3 0©tf(t» 
©tfflIC** 2o©«5 043J:V6 0©gi5#£pfc£-r 
3. W2 0 0*>^hD-A©**©»3©'y-hBI 
«H6 1 * s H9(3^^nSctat^2©S/U=i>a6 0 

*sj:irsiS3©v^*>yji5 o©«mbfc«a4>e>jftw 

[0 0 2 0] £2©S/'J3>J16 0#aiRA?jC K-tT> 

it t *aw t tm t § o 3iiR m v - 1- > ^ t> ti a d 

fc^STffeD, **it«toT«f3a!B2©5'U3>H6 

o 4s» i ©«s««iBp 5 1 ©jsautifjot^oaiJCM 
igbTEK H-K>y*ni»-K>yatiifc»2©3/y 

>y^^©^v*;m«*s«K:EB$n5»3ftffe*, 

«ii3» i ©^Jii8p 5 1 (Dmm^-oxmtztizm 2 

© 3/ 'J 3 >B 6 0 ©3#fc A S c: 4: ^HKW fc K±"T 

fi?!l^.{i> Varian Associates 
oflil^nSExtr i on2 2 0»-f*>ttAJfi« 

(tilt angle) f^f*^ 
A^ffftfcn*. lttR©^ftH:-enc«toT'f*>*« 

s^{psiitTjifft?)^jg©^ieT-fef), fDacss 
♦it^^ttJHR©iatsit**iRic«iS-r4. -f^>aA 
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+/-0. 5fi®£St)5^S. !B2©'>»J3>JB6 0 

h-sb i ©satsji ibp 5 i©floajfc»oT«t*iRiic«au 

T43 1) b 5 > S>* f © £ J: Tf b* 1/ -Y >*"*© 
^©rat^2©^U3>»6 0©K-K>^**K« 
tWltt 3. MP 5 1 ftJ&S*3a£©liiME* 1 ©I6« 
■ 4 4©**ttx»f>^tt{^||(|C»2©j/ij3>| 
6 0©^X>&A©^£:feit£f^©S«{i£^£<fco 
T*S**i4. i2©S/'j3>16 0ft27«yft*'>i 
(boron d i f 1 u o r i d e) -i ;t>£#]4 0 
dpDJiU^ hP>#;i/b©:c*;i/:Jft#j5 E 1 5^^-> 
>5M - b ;b© b-XfM * >?£A1-£ d i: £ 

b~(MX>r±A;**U SE«gtt^fH s -X©ft4d©l 

MmztiZo BH0**tfl l{i^*>ttA©^l*5«t 
tF^3©-b^> Y*mtt)<DT\ ZtiblZMMfflfrZ 
# T'J> U © Hf D 7? «t V > & A^JS £ W 6 2 * <fc V 7 
2{IJ;otffiA»tl-rVAS„ 

[0 0 2 1] »l©|fiilMI4 4tt2JtBC^-=>^ 

1) 7yf-fflh7>y^^ffl±lcflifet)SillB*2©# 
n®tt<D>r<({b?*>m4 1. *±IF, 2) huI3^3© 
K-K>^««2 7©«W~N SBffi-rs. SB3©#ft35 

#9 j-.it 9 l(±t*>8'--J- !K >1M ^j- b-t:>X 

$nfc'>'j3>jB*tteeu*>-3gi 1 2n^^ns,tat 

83»3©K-K>^«*2 7C««|bTV^. BB3©*! 

«as#9 o©-»ttfl«rh5>s?^^©y-h«a*?g 

SBl©«ft&iJfgBP5 l©^gP^r&oT«fefcS^2©i/ 
U3>«6 0ffl-»*^trv-x«« % itiJf3--'7*>X 
»5 0©-95^J;?>-[5lC^l©iSsg^SIBP5 1 ©gBglHc 
»at-5*2ffl->»j3>Ji6 o©-S*^trv-x« 
«, Hug3»l©«MtiifflP5 I©a»fc»fi5-J-SSB2© 

m^9 2, m3(Dy-mmm6 u *itF^2©jgs 

a5»9 0©-aJT?*5y-bWI**'f4. &^©!f§3 
©a§«a5*T9 OttSfclBlDtBiSy-K^H^-r?.^^^ 
*«tVA^b7>^^©^-b««i^*^(cSi^-r 

-5 o 

[0 0 2 2] 01 3£^£ft€>«£-5lC, SB2©^7-^ 
0 0^3©«SgP»9 0*«tV9 

i©±{c^$n?>o »sB2©/^-=>^*nfe«* 

1 1 0 0tt^D7^^7j(-«>'J^-b^7^ (boro 
pho s pho s i 1 i c a t e glass) lit 

IB^3©2i«a5»9 lfcBtn-rsnv** bt«P£t§rir 



!3N+aji^Ji2 uvssSi (ia^-«-r) cssk-t 

5fc©tCs *UTBulB^2©'>'j3>Ji6 0*Vcc« 

h«p (H^-e-f) s. tufBiap 

(4^>^*75 1 >$:^tf3>^7 bX^Xl 0 ltiot 
^fc$tl5o fflSg^SPWl 0 2#, iiu§3^*-->X 
*hfc*2©|ft«Jil 0 0*ith*tulB3>^7 bX^X 
1 0 l©±fc7;ws = £A»*ttS1-3£i:fcJ;!)fro 

^tis. #^©fflss«iaj*r i o 2imm?>?t h 

7-7 7*1 0 l©rt©lofcJ:Vi!iiiBtg3©*»*ffl»9 1 
©ft© 1 LTiiriiB K-e >X£ftfcm 3 ©fW£ 2 

7©^© i^tmn,mim*fiteovv nao-a-xfft 

5. *£Sf£a*g?gSSl (okynit ride) /lyS/ 

[0 0 2 33 H14 &&vm 1 5 (is mtmw Litis 

5-1 5££oT^£ftfc^VH:;i/©|fr®0T'&2>. 
EI13i;|5|«©, 01 443 < fcV01 5tt^<o#©Jl;fc 
J: vs**'ia 2 C^Sfifc* * U -fe;u©ag£l$®0t £© 

1 2 0 2ttiiuf3tfy bJ^P>77 M 2 1 2£;frLT!B 
3©b-t'>X£ftfcf!^«^($lg^£fT&Oo jftB 
©±K«fc*3«t-v bi&!|3>7 7 b 1 2 1 2©35#(£0 

1 3©7>X7?>X^X1 0 lCfcteL, fr^mffiti 

*©Tc*fcfc*a$^iiiai 3©SB3©#«»#9 ic 
7- ksi 1 2 3 o f±ta 1 3©^ i ©#«asw 

2 5£^tf„ ^2©2g«a5*fl 2 3 2 3 4J4 
7 9fh7>^^ 1 1 3 is XVI 1 6©X-bft» 
§\ ZtlZtls ft^b^>i*77 1 1 5£<fcVl 1 2© 
KU-f >««fca«-r*. g!lEjS«©±C«lfc-bS*2 

©**»# 1233 * 1234 ©as^-ttia 1 3 ©f 1 

^ >^> 'J -tM 4 1 tc»J6 U *»omiHB^©TC« 
fctiSffl^-ttBIl 3©K-f>X^nfevUP>ii4 0 
tSJTB-ra. !S3©#«glS#l 2 4 6tth7>S?X* 1 
1 5*5<tVl 1 6©y-h«ffiSS^t:SSK1-4. ^3 
©I3tt7 — K (SI 2 ©7M rA122 2 © 

K-C>^«*2 6, «3Eft«-'t&ffi»»^3 1,12 
©#ftgP« 1 2 3 3, *j«fclflitHB* 1 ©i&fefiJf MP©J£ 

tfo 115^ try h» 1 2 0 1 *5«tV 1 2 0 2 
tr. » 2 ©aH*S5M 1 2 3 3 ttBUfB^ 3 ©^ttgPW 1 2 
4 6£iiti§Btfy hMl 2 0 l©Ttfi|fet)€»!S2©h'- 
t>XfR^2 6fc*5W«Uc8-tt1-S. iCtatU, 
SB 2 ©ffitt y - H C Hill- S 5 y J: Vflffi h 5 > ^ 
77©X- 1 ©I3«7- KKflmiCttMd 

ig2©2i«a5*f i 2 3 4 (01 4izm^hx^ 
z>) tm3<Dwm$mi 2 4 5<Dm-&to-&imm<Dmn. 
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[ o o 2 4 ] m i o«jisi* *w«ji±©*r^ 3 > 

4. C©**y*;i/tt*fc/J^*jfrtf8s( featu 
re dimension) ©2i©ft2 4~3 4fg(D 
®BT-«t£©B«££*-rSo #*.&*xfc^lK0i©£'.h 
«Jg^i£ttft 0 . 5 5 * n > 1 ©>»«Si$#©*l) T- 

>S £©*£ $ ©^iSft**-? # *o 1 « >? n > «t 
= Mt^V-bJimUt&^v?- (n^-\>*;i/) isitf 

»C»j£bTi5BTf*S. fcb^s^fc^VAffih^l/ 

fe K) C&IE ft 7^;V->3>7P« tf^St ft 3 T- 

[ 0 0 2 5 ] H 6 &#JH-fS fc, Sffi^ofrfcifciSCgl^ 

3 1 &3 yf- >yz#<D Y V>5=- 3 2 t-tr;i/7T7 
^>£ft3#, *fttt$2©v**>^JP3 0rt©l5lb 

£r3 l&^vf-Y^yi/Xf 1 1 3*JJ:W1 1 6©hlx 
>^©sBgfc£<© K-evyiWtaoTJ: 0*£ft« 
M#fttftf# 3 h H a jSllf $ 5) Cflh©«jSl**1- 3 . iUlB 

©fg FW >fifii&^fifc UfloR? h7>y 
**©*y bxu» bn>©««^b*ffi«fSC4:* J 

[0 0 2 6] $2©3M£B#1 2 3 3:fcJ;t>*l 2 3 4tt 
nf K-t>^$nfef2©F-t>W2 6i:pS 
F-tf>^£ftfc&?Sh7>y** 1 1 2*SiIFl 1 5 
©Hl/>f>1!g«i:ffl|BI©«^fl<l«BlSS^J5R1-5. ^2© 
2 3 3*>«fctM 2 3 4<D^>^U*W K« 

4 mnffih^yvx* 1 1 2i,-cty ? i 1 50ns f- 

lf>^««2 6fcpSK-e>^KW><g|^i:©IB© 
K-^> h©v^^l/-v3>^^SB<]{cK±-rsa»« 

tt^jiT-^5 0 Ragw^ajftt, soMtttRSJitf 

IBnS*«tVpS^©F^©*^fl<JgEig|^SI^-r5RB 

5, ^^>i> FJf 4 1 ttb\Z-tbh\\\-mmy 
->U1M KB 4 lCftATffiffl^**, =m;H->'J1f 



?*vanb*, ^©ffe©«toft> ft®«m^&«iA 
1 (Dmmm 4 4 & ^ * 5 1 > ?t s ®^©^ » ? > ^f?it 

g|5(etch stop) 

[0 0 2 7] MF7>-^^1 12 £ J; V 1 1 5 tt«t 
iibfc^-V*;MB«9 2ttMSh7>^* 1 1 2£cfc 

u?i i 5t»i-sv-^*«twHi/-f >««©j^i«aB 

V>o ^^Ir!©^3I (lateral recessin 
g) ttmH3JB3©v^^->^Ji*S7'>^-Ay 
«toCBulB^lffli6fe^ligP5 lWJttx^v^t 
S^htctt)jilK$tl5. -MC, «t#fa«jI©*©T 
RStt«0Kh7>^^^fiK$tiSS©W$lcv-^/ 
h* l/>f >© K- 1 > ^xS©|BC*BRt: 4 b § ft*©* 
«tf«Wl©IEK (sine) fcJRBUfetfflfc: <fcoT& 

££ft£o >s> uit-r k®4 1 0±©a i ©ifiaw 

4 4M1. 2 5*D>*fcBWjl 2, 0 0 0*>^ 
hn-AT-&3o V-^/KW >© F— tr>^©&«> 
©^«tt£tt&*nJ*nK£*»y HHR© 

aMRm«Att+/-o. 5jg£ft*H#s 0 fftt»t, * 
*rsi^3i©Tistt, 

12, OOO^V^hD-A'sineO. 5£= 1 

0 5^>^ h D— A 

n * x. t wa < ffiic-r § * c «t ^ t 

#p-^>bftft2 0 0 0*>y* hn-Affi»$*ti 
«v «t*[p)^5I©±PSttBulB'f *>JiXXg©l 0 5* 
hD-A^M^.Ti^2 0 0 0*>^ hn-A-f 
fcfc-&£#rt&2 1 0 5*>^hD-AT*ifeS. ft^b 
7 >^^©fc»©BJja» 1 ©«IMIWPfflJBJ«*ff* 

^ *&©**ttxyf->^xgtt§jia» i vmrnmo® 

1 0 5~2 1 0 5^>^bO-Afflrifxs;f>^ 
fTft^o ISC»^&*««IC*V^Ttt % ^l©Sfii!JS4 
4{±«2 0 0t>^hn-A^ttx>vf>^n* 

•oft^f h7>^^^©^^^;u^©i^j2 oot>^ 

©6ttHSttKttiiii!3TES£i£ < ft 5. ^H#ttBuI2^ 

St-§5. *lyftfifh7>$>** 1 1 2*J±V 1 1 5© 
^^^^^^M^fSlt^jlbfttTntis ft?Sfh7>^ 

1 1 2* J: VI 1 5©f-fr*;Mfi*ttftfifh7>s; 

1 1 2 43<tt>* 1 1 5©*ftW«tt*^:fit*ft** 
f# S V — ^ * i V H U -f > K - 1 > <^© iPft D ©SPt>* 
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[0 0 2 8] 7V^&&VnftY^yi>7,Z&WMY7 
>PZfC2b tufa VV>7-ttz&MaifiB®.£ 

ti5M<Dmz<Dm&.X'&z, mmYis>mtzimn<D 

¥H (planar) Y^yVXt&mmiMmvV 
? 7 /1 * - > C J; ^ T £ ft 3 + * ; 1/ S £ £ £ -T 

S^*i:It!&bT b*>oJ;tmS?£»P1-S 
Zt&X'gZifi. ^©SSfcfclo©Ji#'J V^7 7*S 

$ W £ ii'Jv^7 7;^-> ©^fSOT J: 

[0 0 2 9] m<DMWim%<(D7v*X(DVtMZ%A, 
T-^3o ^*#tt*^H^©*S#43J;t>*l5H^?>^ft?)^ 

zztzmMtzx&zoo m\<D^^-=iym^^ 

^=)iy rx^Vziytt^z. tifi"C S» mMtmmte 2 
fflhis 'J3>, gfb*> U =i X * tzHm^it ( o x y n 
itride) U 3 >£^tf^ 4: #7? huIB'7*— h 

i:#T-^ i!ulB=J>*7 h77yii^>^f>, F- 

t>??nfcm B a y'j3x Y-vyvatitzT^fr 
-*>3 >m t&ttu>tK-K>yL t * 5 
^•rciiffiffl-r & c: h* j -e § «tt>-im©^ < -o 

A»©l6ffl7?*a. »l©3/U3>JBttl. 0 

W©li(i0. 2~1. 0 5.^D>©tii:-rs^i:#T* 
S„ miI3 M/ >^(± 1 . 2~2. 0 5^D>©I?i:t 
3Z:i:#T-^ |uHB^2©vxdr>^H(il 5 0 0~2 
0 0 0^">7"^ hn-A©)P?t-r5Ci:A s T-§^ mfgB 
i?3© v*3r>^7jf (£7 0 0~ 1 0 0 0*>^ hD- 
ACHKDJPjSfc-rscfcffTfSK iiufBSg 1 ©*fi&JU* 
1. 0~1. 4;t>7*7x hV-L.<D?$<Dm£t?Z>Zt 
#T*^ SlilB^2©i/'j3»i{i4 0 0~5 0 Q*>? 
Z\>u-J><DW<Dm2£1rZZ£jfintt, ^bTijlBtl 
3©y-hRWittl 0 0~3 0 0*>^hD-A© 

'J * h tt^ffeW * fe ttftflRftft fc© i: S ^§ Tf tifc 

[0030] m<Dmmm&$ wmm^^ts^t^ 

fc£*rS8LtK«fcfoSiMSil5' 'J 3 Steffi UTJfc 



fi&T-§£o F-^> h©Jgttn§!F-t:>yjB}3<fcV* 
e>y-f 3<Ii:#T-£v fe5^ttSiJf@©*p{C«tS F-K 

j»fctt«^wn$fcttM'>?- (2ooo^>^hn 

4fe»Kfleffi£ft3. St««ffl)'fVf'ffal ! -K> 
^tt U > * fc ttl>SR S^tr C i; tfTf § S . ^ 2 O 3 
>H6 0©-f *>aAxgttS«S|Hl<E*-a-Sii:!&< 

HuiaMy^^ilF^l©^ 

i:1-S-i:*)T-§?.. ii&HB hi/ l©«IMi 

^fcttMPfct 1 o©Sgf5©^£^1-2,o 
[0 0 3 1 ] matt^*-*ttJP3*fcttF-ti>*' 
©^7 &3?;L 5 d h C «fc D «A S 3 t #T* * 5. 

&^©istffc f 5 yv7.z<b?**)\,mmm% 1 ©^> u 

3>*2 2©)P$^fettmifB5 L ^>^Uir^ F14 1© 
±©^l©ISigS4 4©/p^©|||ST*fe5o BUfB^^'J 

©bg^it«Ett^l©^U3>J12 2©*->SR (bo 
ron) «Kt«#U*»oft1Hfh7>^4'ttBiflB*2 
©S/U?>Ji6 0©y>«Klc«#-f*. HuSBbtV^ 
*E(±*fe'7 , -hSI«Ji©)P^^«c#1-Sc- ^^#(4, 

y * u ■b;u©3fa©«ftw«M4 *fe»tiaai^-5 

[ 0 0 3 2 ] huIB hU >^©«3tt§SMtt&C:*:S fc» 
»«*#it.S^i:*<«»Tf**. Itlfca^fe^lfififl© 
Fl/>f32 ©»$ ttSKmlB^ 1 © ^ V 3 >» 2 2 © 
gg£^ffiT*fc£„ Hu8BhU>^tt'>&<i:feN + fiia 
^B2 IfcSaSLfctttlttfc&fc^. t^^T, *<hhV 
>^«*ttN+fflii*Ji 2 1 **ifft«(ti8< BuSBSg 1 © 

an^«7^M/>? L ^©*pe>ftfci5sw^<^ 

YWsf-ZZ ttN + «a^l 2 1 *5S£C Jt» bTffiV 
*ifctfTf*S. tot, SlffiM/ >*•©«»* fcttS 

gp©'>^ < ^*.-a5ttftfi!BN + fflji^i 2 1 ©a^t» 

fekb«:ttft«'S:e>56:v>. 
[0 0 3 3] iCiAfc^t >J -tr;M±«gB2; btife 
* ^ tt**@»©ffe©*fM?j«il i: 1 4) KMf * 5 . 
flfe©|gi^S> 3>^^b77^ hr77"77"(via 
plugs),* fcttfflSSfiiSMir**® 3 ©a»*g|5« 9 
0£«fclF9 1 i:;vr>^->a>Il 0 2h(DWifcm?> 

t)itffimm%mu£tz&mm®m(Dm(Dm®t 
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9 0#&if9 1 fcffiliB/WS'^-f *>a>Jf 1 0 2 h©F,S 

[ o o 3 4 ] m 2 

ftfa©HJS0iJT- tt, ^U3>bU^b7>y7* ©<f # 

b*>o*uE£ttf*fc&l!lJg^3 1 ©«**Tf*oWB« 
£^tf[^b;^y:/£<£fflbT$!LJI£ft3. H5tt, itu 
I3IW&n*-ir*;i/ h 7 >$>**© 1 o#ffM£ti?>Sf£ 
©»#©WIiia*£#J&»05/'J:3>3fcK2(K N+ffiii 
&1Z1, i2ffli/'j3>12 2, KS2©K-K>^« 
^26, 43Eftttl*fctt*Ste3 1, »l©y-M§« 
J12 4 N £«ttmi©VX*>^Jf 3 0£^ir. #*f» 

5. HI 6£#!!rrsi:, S6 1 ©xgtt*3E*fltf-fc« 
^3 l*ctt>-^2©'>Un>®2 2MotN + lM 

Jtti^>^a (ioo) sua© (no) ijgra* 

fpIt:?&ofe^[pi§W-r5fia3 1 6 l£<tV (1 0 0) *g 

as© (ioo) eftfriatfcofcaiRifcrrsfljsn 

6 2Mt5M/>fl 6 OSJBfiKf 5&»fcfiRW«: 
*i£*®ffl1-?>. flJgB 1 6 1 *5«tlF 1 6 2 B: hi/ >5=-© 
ttlpJflllt&V^ AflSl 6 6 2tttt«i©gfl<J 
tH/Vfl 6 0©ftftflJC&£&©i: bT^£tlTV> 

So 

[0 0 3 5] «5 2©xgttM/>7 4 ©fifflC*Jl>T43E 

2 ©>> U n >Jf 2 2 *«*[fiic:«ji**Sfc«>t:ff &fc> 
tlS. 8 2©Igtt, 0S*.tt % *^b*'J'7A© < ta 
& % f 1 ©i/ 'J 3 >f 2 2 S^ttx7f>yt5y U 
3>3iy^>^M£{£ffl-r?>o flOSS 1 6 143«fclM 6 2 

-hfx-^>^l^| 1 7 K^^nsiac^w 
hv>f 1 604Mt5. x-yf >Wlli*5)0. l 

7 ^D>©«>>j3>#fl!Jg|n 6 1 y^x?;* ft 

s<t-5ta^$ns. flasui 6 2ttS6Cx^^ 

©UflSAMSasi 6 lCj&o&4>fflJ;»)fiv^6Tf*«. 
*OM71 £«ttf 1 7 4 g£ 2©>> U 3 >Ji 2 2 # 
M/>^1 6 0©fl!ia5tC?&ofcN + J12 KDtgMtZWi 
mx-ibZo ;JW>M 7 2*SJ;tFl 7 3ttR*S2 4£ 

a*MP©«i*ia't"C»tfioT3ivss6 i ©<y- hits 

12 40if^C}&ofe»Bffft5. #OH71* 



J: VI 7 2ttS(S©^iSCaSSitft*iaCHbT^K 

1 7 4&mR<Dm®£mmmttfa£ft[sTftmq. 2 

>&Ml&*i. 1 li^Sq 2 «t 5 

£t>#, *©afitt«rffi»2©xg*MB!»l 6 
1 6 2i:Jt!gtb-Ccfct)fgVM/-hT*x^^>^Ufe*^ 

[0 0 3 6] HijESKtiU Var i an As 

s o c i a t e s *)WLM£tltzEx t r i o n 3 
5 0D§H#>&Agg©«t-5fc, 7**j£*-f#>£ 

ASictot^t^Asns. iuiaaisiiH 1 8 1 

jj*«*ft5 .tat, &ft££ff &ft (tilt angl 
e) &7flM3«ttf#j4 O^f-Dxl/^ bD>7}f;i/h©3i^ 
MT*2E1 5^;t>/¥#-fe>fM-h;i/©K-X 
ST-U W^tioT^MiA^tiSo buIBSA^I 
ttStS©4 3 'C>t^V>Ti^7JSti§;^^nT^5A s > 7* 

^ jtSEtti&R©* * s^5E < x-&nm<D&m.mmm i 4 jg 

ti: iffc{£ 5 Wil 0flES«fc:*<&5l»S. tit 

#fflSb^«B3SKWfc5iW > h 1 7 1 *3«tV 17 4© 
±©bU>^l 6 0©flJlgPl 6 l£«tm 6 2lC^;t> 

©S(iN+ilj2^/f 2 1 ©±©^ 1 <Dis >; 3 >Jg 2 2 © 
ff£ (1. 0 5*P» tH/>fl 60©j£a$£P- 
K>^"-j-S4:SC*e)nsS^:©ttA^JS (ftl OS) 
©IE& (s i ne){gf&So £©0ST?B:, «t*iaxv 

^ywmmo. i7^D>ffe5-M«^ c: 

ftttliffl. 0 **D>£ 1 0;g©IE&T-filif Lfe£>© 
T-feSo q2(4Mq 1 «fc!)*SVV&»&*£±5i«-r > h 
1 7 4©±©fl!|g|$l 6 2£tt{5Jt§©K-fc:>^fc£bfc 
S^ttHutxE^fc 4 ilPg#& (four quad 
rant me t ho d) Sfgfflb't'f ;t>?iA£tl 
So Ell 843«tVEl 9l±, ^ft^ft, »1#J:V*3 
©■b^> h©IHUc*tt4'f*>ttA*^t-. 
[0 0 3 71 ^12 0rf">^ ho-A©ff^©^ 1© 

y-vmmm 1 8 o«, ia2ot^$ns<t-5t:, «au 

1 6 1 £<ttf 16 2 fcfttfft M/>f-160 ©M5SBfci& 

J5E1"So K-K>^HWI1 8 OhN+ffljAfrJf 2 2©ffi 
^*tt*«ft M/ >^ 1 6 0cDH»t:»ofc*JEftM-tt 

feffi»»^*jBfi8f s. wasm i ©**a»©^*»& 
^* o fe^s^^ y ^©s D ttSufB^ i (Dnmmz&m 
\,xmm t & i> © h ibj D5!iaxs^{s mt s . 

[0 0 3 8] C©«IIC*V^TB1W bfc^S£^J{=t|!)f3 h 1/ 

1/ > ^ * <t tMfltffc n + ^ ; 1/ h 5 > V 7, $ © v - * *J «t 
I^FH >««©5R#fc»-r*fcE&**Sffi«8tefc 
Gt%mBY7>VZ*ZBl$.1rZo ^m^it, 1) , 

«»Tf n#^r- s ir] t m ji b tz?- * z )im 



(11) 



f*K¥8-8 8 3 2 8 



■by -9-© J; -5^ IWttl«tJBJ«'i-*fc»C«We8 

So 

[0 0 3 9] W±©ftUI!T?fcJu *«Wtt*©»*©S)ail 

©«Hfcl3«*ft&*IBW©«tDl£i'^filtti*fcttl6il*» 
£ fc& < »-*©«E IE* J:tf*K*ff«:'5 - tifi 
X'£Z>Zti*W<bfrX'$b?>o 0 fct, #BMB»£<fct>* 
EiB(i$iJPS0<J*iEi*-C ttfc < *> © i: M& * ti* 

[0 0 4 0] 

[3&IPJ©»*] £Lt©<fc?t^ *»WfcJ;ntts 'hMT- 
& 5 * < *oM*tt©jB^«E®*IW»* 

f?>s>.x* *fc^©«iMft*h7>s?^ 
* ^^ffl-r s z. h c i t) a«& 7 -y k t^t v > 

So 

[01] ^*tt^©6 h7>^^ • ^T^-f 

[0 2] *«fflO 1 *»«C Ufeiiot»Jilt$n&7i' 

[03] 0 2 t 'J 2 tfttffil 

[04] H2©^ J EU-b;i/*?KJ«f *±T?©«^©jDia 
*:r «y 7-fc ^JtS*aMM6«©-flJft^-r»flBia , T?» 

§ o 

[H5] 02©^^eu-t;i/§^f 3±T-©«*©8yi 

[06] 12®^^ U-fe;k<&^1-2>±T*©fI«©50 i a 
7.7- v *s I* 5 *aMMS«©-« **1"Bf H BIT? fc 

s. 

[07] 02©^^ 'j-fe;i/&^i-5±-e©«^©ma 

7?y^^(t5^2»ftS*g©-a5*^1-if®0T*fe 

■So 

[08] H2©^ ; E'J'fe;i/*®BR-rs±Tf©|l^0ffla 

So 

[0 9] H2ffl^'J-b;u*J&j«1-S±T?©8'$r0a!i3l 



v rfc*U**«Wttl«©-»*wtWlilBTf * 

& o 

[010] 0 2©^ t'J-fc^£^Ei£-f 3±T*©tt*©M 
[011] i2CD^t'jt;^Mt5±t-©a^o» 

s. 

[012] 0 2©^ V±JV%WM-fZ±X-<Dm*<Dm 
v 7C£lt3##tt*1£©-^£^1-»Tffl0T-;& 

[013] H2©.**'JHr;i/fcJ&j«1-S±-e©«*©ja 

So 

[014] 0 2©^^u-t;i/©ifB0T-fe?>. 
[015] 0 2©^^ ';-fe;t,©^f@0T-feSo 
[016] ^s^oftcSSttfltcbfeffoT^y-M/ 
*j&jer* a ±-e ©a* ©$qji* * it a 

ffi©KB0T-fe§o 

[017] #3883©flb©^JK«fc Ltzifi^X 

^ffM-ra±T*©ii^©5Q ! a^7 i y m^w-s^MM** 

1S©»r®0T-fe?.o 

[018] ^mm(Dm(ommm^i'tzt^x/^u±)v 

^©Bf@0t?$>i>o 

.[019] *$BW©flb©fQK«K ifctfot^t 'J -b;u 
s^BRt- s ±-e ©a* ©mis* t- v y\za v s ^as^s 

*£©»rB0T-;&5o 
[02 0] *^S^©ffe©HSS^|{CUfeA s oT^^';-fe;U 

a ±x com ©sra* ^ y * tt s 
«©BnBBnj&*. 

2 1 V-*«tt 

2 6 V-*/ 1* M >«« 

2 8 ?- + *;Mg« 

3 1 43E*^{j-fett«t»^ 

5 0 y-.X/KWl'W* 

6 0 KU-fHW* 

9 2 «*fiUC«iibfef-+*;HH« 
110 ^vyAT^W^t'Jt/b 

111, 114 ;Wh7>^^ 

112, 115 ft^f h7>^^ 

113, 116 79fh7>^ 
1 2 3 0, 1 2 3 3 ^-httH 

1 2 3 4 ag«P*g/f 
1 2 4 6 $*-b*fii 
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[03] 



J 0 



I 



I 



-22 



r 



-23 



-24 



[018] 



p+ai 




r 



25 






[012] 
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[01 3] 




